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(57) Abstract 

Thermally stable and light stable flame retardant polyolefm and polystyrene compositions comprise bicyclic phosphate 
compound(s), halogen-containing flame retardant(s) and polyolefln or polystyrene resins. These compositions exhibit a reduced 
tendancy to develop color, to change melt viscosity or to lose medianical strength under conditions present during polymer pro- 
cessing and end use. 
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XHERMALLY STABLE AND LIGHT STABLE FLAME EETARDANT THERMOPLASTIC 
POLYOLEFIN AND POLYSTYRENE COMPOSITIONS 

f l^eKGROUND O F THE INVENTION 

Field of f>'«» Tnventlpn. This Invention relates to 
5 thermal and light stable flame retardant thennoplastie 
polyelefin and polystyrene compositions. More 
particularly, this invention relates to thermeplastic 
compositions which are flame retardant and %)hieh resist 
thermal degradation or photochemic ally- induced 
10 degradation. These compositions comprise bicyclic 
phosphate compound(s); halogen- containing flame 
retardant (s); and polystyrene or polyolefin resin. 

The compositions produced in accordance with this 
invention have a reduced tendency to develop color, to 
15 change melt viscosity, or to lose mechanical strength 
under conditions that are present during polymer 
processing or end-use. 
Description of t he Prior Art. 

It is known in the art that polystyrene and 
20 polyolefins, such as honopolymere and copolymers of 
polypropylene, polyethylene, and polybutylene, may be 
flame retarded with halogen-containing flane retardants. 

Although efficient in suppressing the rate of 
conAnistien In a resin system, most flame retardants tend 
25 to affect adversely one or nore key properties of the 
resin. For example, many flame retardant additives are 
susceptible to thermal and photochemical ly- induced 
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10 



degradation during processing of the thermoplastic resin, 
or during polymer use conditions. 

Evidence of degradation may be seen in several ways. 
For example, the thermoplastic composition may develop a 
darkened appearance during processing, indicating polymer 
or flame retardant chemical decomposition; or the 
thermoplastic composition may suffer an Increase or 
decrease in melt viscosity, limiting, for example, the 
recycle of industrial scrap ("regrind") or environmental 
plastic waste; or the thermoplastic composition nay lose 
mechanical strength, thus reducing the overall service 
life of the polymeric material. 

Many prior art references describe the use of 
stabilizers, such as antioxidants, hindered phenols, 
hindered amines, phosphites, and the like, in polystyrene 
and polyolefins. A general treatise covering this broad 
topic includes Polvmer Stabillgati^r, »r,^ Pearadal^inr, , Ar^c 
Sypiposium Series, Mo. 2B0 . P.P. Klemchuk. ed.. American 
Chemical Society, Washington. D.C. (1985). 

However, the selection of a suitable stabilizer for 
polystyrene and polyolefin resins is not predictable. 
Stabilizer selection is particularly difficult when flame 
retardants are employed, exacerbated by the complex 
interaction between the polymer and the halogen- 
25 containing confound. 

British Patent No. 689,338 describes the production 
of blcyclic phosphites, phosphonates. thiophosphatea, and 
selenophosphates. These coiiQ>ositions are said to be 



15 



20 
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stabilizers for vinyl halide resins. They are alleged to 
be useful as heat stabilizers for vinyl chloride resin, 
and as antioxidants for fats and oils. The British *338 
Patent does not show any examples of bicylic phosphates, 
5 nor does It specify the use of bicyclie phosphates, such 
as pentaerythritol-based bicyclie phosphates of the 
present invention, which can be exi^loyed as a stabilizer 
for polystyrene or polyolefln resin. Furthermore, the 
British *338 Patent does not disclose that cyclic 
10 phosphates of the present invention could be used with 
halogen-containing flame retardants to produce flame 
retardant thermoplastic compositions which resist thermal 
or photochemically-induced degradation. 

British Patent No. 999,793 describes a process to 
15 produce organic phosphates by subjecting organic 

phosphites to reaction with per acetic acid. This patent 
shows a method for producing the most preferred bicyclie 
phosphate of the present invention, 2,6,7-trioxa-l- 
phosphobicyclo [2.2.21 -octane-4-methanol-l-oxide (vide 
20 infra) , and teaches the use of acetal ring-containing 
phosphates as plasticizers or functional fluids. The 
British *793 Patent, however, does not disclose the 
compositions of the present invention. It does not 
mention bicylic phosphates as being useful for flame 
25 retardant thermoplastic resins, nor that the most preferred 
bicyclie phosphate of the present Invention can be used 
with halogen-containing flame retardant additives to yield 
improved thermoplastic compositions. 
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U.S. Patent Mo. 3.673.496 describes a flame retardant 
polyester cemposition which contains 5 to 25 percent of a 
hydroxymethyl bieyclic phosphate compound as a flame 
retardant additive. The patentee did not observe the 
5 ability of bicyjslic phosphates to act as heat or melt 
stabilizers for thermoplastic resin compositions which 
employ halogenated compounds as the primary flame 
retardant additive. 

U.S. Patent No. 4,341,694 diBcloses a composition 
10 comprising 2,6,7-trioxa-l-pho8phobicyclol2.2.21octane- 

4-methanol-l-oxide and a nitrogen-containing co-additive, 
which are intumescent and are adaptable to flame retard 
polyolefins. polyvinylaromatie resins, polyea^onates. 
PVC and blends thereof. Ihe patentee did not observe any 
15 stabilization of the present invention. 

Accordingly, a primary object of this invention is 
to provide thermal and light stable flame retardant 
thermoplastic polyolefin and polystyrene compositions. 

A related object is to provide coi^positions of the 
20 character described which resist thermal degradation or 
photechemically induced degradation. 

A further object is to provide polystyrene or 
polyolefin resin compositions incorporating bieyclic 
phosphate compounds and halogenated flame retardants. 

25 SUMMARY OF THE INVEMTTQW 

The foregoing and other objects, advantages and 
features of the present invention may be achievable with 
thermal and light stable thermoplastic polyolefin or 
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have a reduced tendency to develop color, t© change nelt 
vlBcoBity, or to lose mechanical atrength under conditions 
present during polymer processing or in use. 

Preferred bicyclic phosphates in accordance with this 
5 invention are confounds of Formula (I) where X is OH or 
OC(0)R' . The most preferred bieydie compounds are 
2,6, 7-trioxa-pho8phobicyclo [2.2.2] -octane-4-methanol-l- 
oxlde (Compound BCP, that is. Formula UJ when R is H and 
X is OH), and 2,6.7-trioxa-l-phosphobicyclof2.2.21- 

10 octane-4-methanol, acetate, 1-oxide (Compound BCP-A. that 
is, when R is H and X is OC(O)GH-). 

The halogen-containing flame retardant compound may 
be any brominated or chlorinated aliphatic or aromatic 
organic compound that can be used in thezmoplastie 

15 compositions. Preferred halogen-containing compounds are 
hexabromocyclododecane, tetrabromobisphenol A, 
tetrabromobisphenol A biE-(dibromopropylether), 
dibromo (dibromoethyl)cyclohexane , tetrabromocyclooctane, 
bis- (dibromonorboznane dicarboximido) ethane, 

20 bis-(tetrabromophthalimido)ethane, Diels-Alder adduct of 
chlorinated cyclopentadiene and unsaturated 
cyeloaliphatic compound, bi8-(tribromophenoxy- 
ethyl) tetrabromobisphenol A ether, pentabromodiphenyl 
other, octabromodiphenyl ether, decabreaodiphenyl ether, 

25 bis- (tribromophenoxy) ethane, bis-(pentabromo- 
Fkhenoxy ) ethane , chloropentabromocyclohexane , 
(tribromophenoxy) - (dibronononylphenoxy ) ethane , 
pentabremoethylbenzene , pentabromododecylbenxene , 
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carbonate oligomers of tetrabromobiBphenol 
poly(broininated styrene), and brraiinated polystyrene j 
poly(broininated phenylene) ether, and mixtures thereof. 
These halogenated compoimds are added to thermoplastic 
5 resins at levels such that the resultant resin compoei- 
tion may be rendered flame retardrat. 

Resins which may be treated in accordmnce with the 
invention include thermoplastics such as polystyrene and 
copolymers of styrene with butadiene and acrylonitrile 
10 (**ABS copolymers*") and homopolymers and copolymers of 
polyolefins such as polypropylene, polyethylene, and 
polybutylene. Polystyrene and polypropylene are 
preferred thermoplastics in accordance with this 
Invention. 

15 The polystyrene may be any thermoplastic 

polystyrene « especially impact modified grades, as 
• described in Modern Plastics Encyclopedia . Vol. 63, No. 
lOA, 74 (1986), or grades suitable for making foamed 
products. Preferably, the additives of the invention are 
20 used with impact grades classified by notched Impact 

values between 0.6 and 3.0 ft-Ib/in, and most preferably 
between 1.0 and 2.5 ft- lb/in. 

The polypropylene may be any thermoplastic 
polypropylene, especially homopolymer type, as described 
25 in Modem Plastics Encvclooedia . Vol. 63, Mo. lOA, 72 
* (1986), or grades suitable for ma)clng foamed products. 

Preferably, the additives of this invention are used with 
grades classified by melt flows between 2 and 30 g/10 
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min. , and most preferably between 4 and 10 g/10 min. 

The compoEitions of this invention also desirably 
incorporate one or more enhancing agents. Enhancing 
agents useful in accordance with this Invention comprise 
5 the oxides and h^Iides ef groups IV-A and V-A of the 
periodic table; organic or inorganic compounds of 
phosphorus, nitrogen, boron or sulfur; and oxides and 
halides of. for example, zinc, magnesium and titanium, 
all as disclosed in U.S. Patent No. 4.016.139. 
10 Preferred enhancing agents in accordance with this 

invention are the oxides of antimony, arsenic and bismuth, 
with the oxides of antimony being especially preferred. 
Antimony trioxide is the most preferred enchaneing agent 
used in the compositions of this invention. 

15 The compositions of this invention may additionally 

incorporate one or more antioxidants, hindered amine light 
stabilizers, or acid scavengers. Especially preferred 
antioxidant is 2.2-bisI l3-t3.5-bis(l.l-dimethylethyl)- 
4-hydroxyphenyl] -I- oxopropoxyjmethyl J 1,3-propanediyl 

20 3,5,-bis(l,l-dimethylethyl)-4-hydroxybenzenepropanoates 
especially preferred hindered amine light stabiliser is 
bis ( 2 . 2 , 6 . 6- tetramethyl-4-piperidinyl ) -•ebeeate » and 
•specially preferred acid scavenger is aagnesium aluminum 
hydroxy carbonate K9^,s^l2^0B)^^C0^. 

25 ihe scope of the present invention includes the 

incorporation of other additives in the composition so far 
as to produce a particular end result. Such additives 
Include, without limitation, blowing agents, heat 
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Btabilizere, light Btabilizers. plasticiaers, pigments, 
preservatives, ultravi-olet light Btabilizers, fillers, 
antioxidants, antistatic agents and other materials well 
known to those skilled in the art, for example, as 
5 described in Modem Plastics Knevdopedia. Vol. 63, No. 
lOA, McGraw-Hill, Inc. (1986). 

The bicyclic phosphates of the present invention may 
be used alone or as mixtures of any such cenrpounds. When 
mixtures of bicyclic phosphates are employed, 
10 substantially any combinations of amounts and proportions 
of the individual compounds may be used. The use of 
Compound BCP and Compound BCP-A is especially preferred 
in accordance with th±B invention. 

The halogen- containing flame retardwits of the 
15 present invention may be used alone or as mixtures &f any 
such compounds. When mixtures of halogen-containing 
• phosphates are employed, substantially any combinations 
of amounts and proportions of the individual compounds 
may be used. The use of hexabromocyclododeeane, 
20 tetrabromobisphenol A, chloropentabromocyclohexane, 
tetrabromobisphenol A bi8-(dibromopropylether), 
dibromo (dibromoethyl ) cyclohexane , tetrabromocyclooctane , 
bis-(dibromonorbomane dicarboximi do) ethane, and 
Diels-Alder adduct of hexachlorocyclopentadlene and 
25 cyclooctadiene is especially preferred in accordance with 

this invention. 

Desirably, the bicyclic phosphate compound and 
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halogen-eontalning flame retardant are providad as a 
mixture useful as an additive which may be added to 
polystyrene or polyolefin resin compositions. The 
additive mixture utilises blcyclic phosphate in 
5 halogen-containing flame ret&rdant in a weight ratio 
lying in the range of about 0.001 to 0.200, most 
preferably, about 0.005 to O.OSO. 

The additive mixture is incorporated Into the 
polymer con5>osition at a level such that the resulting 
10 resin composition is rendered flame retardant. In 

general, the additive mixture is provided in the flame 
retardant at a level of about 0.1 - 20.0 percent by weight 
of the resin conposition, preferably about O.S - 20.0 
percent by weight. 

15 Practice of the present invention is illustrated by 

the following examples. 

EXAMPUrs 

The following examples are given to illustrate the 
invention and should not be construed as limiting its 

20 scope. All percentages are by weight. The term 

polystyrene refers to polystyrene available from Buntsman 
C3»emical Corporation as PS 3037; the term polypropylene 
refers to polypropylene available from Eimont Chemical 
Company as Prof ax 6301; and the tern acrylonitrile- 

25 butadiene- styrene refers to acrylonitrile-butadiene- 

styrene available from Borg Warner Corporation as Cyeelae 
CSM 1000. All flame retardant compositions received a 
V-2 or V-0 rating as measured by the UL-94 test. 
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TABLE I contains examples which illustrate the 
effectiveness of bicyclic phosphate confound and 
halogen- containing flame retardant in polypropylene resin 
to minimize a change in polymer melt vlecosity during 
processing. 

The thermoplastic compositions were compounded In a 
3/4" single screw extruder (L/D 25 si) at 430 ®r. tOie 
extrudate was palletized and re-extruded ten times. The 
melt viscosity of the final extrudate was measured by a 
melt flow technique. 

EXAMPLES 1-2 and COMPARATT\?^ EXAMPLES 1-2 
Examples 1-2 are flame retardant polypropylene 
compositions containing 4.0% hexabromocyclododecane (Flame 
Retardant HBCD). available under the trademark GD-75P 
from Great Lakes Chemical Corporation, and, respectively, 
0.1% and 0.2% 2,6,7-trioxa-l-phosphobicyclol2.2.2J 
octane-4-methanol-l-oxide (Compound BCP). 

Comparative Example 1 shows the inherent melt 
viscosity of a non-flame retardant polypropylene 
composition which has been subjected to multiple 
extrusions. Comparative Example 2 shows that Flame 
Retardant BBCD has a detrimental effect on polymer melt 
viscosity, as evidenced by an increase in melt flow from 
29.3 g/10 min (Comparative Example 1) to 77.1 g/10 Bin 
(Comparative Exan^le 2). 

Surprisingly, when Compound BCP is added to the 
composition, the damaging effects of Flame Retardant BBCD 
on the melt viscosity of polypropylene resin are reduced. 

3NS0OCID <WO_»00e691*IJ.> 
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10 



15 



20 



Example 1 and Example 2 show lees change In mel-t flow than 
CoR^arative Example 2. 

EXAMPLES 3-4 and COMPARATIVE EXAMPLES 3-4 
Examples 3-4 are flame retardant polypropylene 
conpoEitions containing 0.1% hindered phenolic 
antioxidant (Compound AO), wMch in available from 
Ciba-Geigy Corporation as Irganox 1010, and 0.1% acid 
scavenger (Compound AS), which is available from Kyowa 
Chemical Industry as DBT-4A, respectively. 

Examples 3-4 and Cos^arative Examples 3-4 in TABLE I 
illustrate also the utility of Corapoiind BCP to inhibit 
changes in polymer melt viscosity when other additives 
are present in the thermoplastic resin. Exaiqple 3 shows 
the effectiveness of Compound BCP in the presence of a 
hindered phenolic antioxidant, and Example 4 shows the 
effectiveness of Conpound BCT in the presence of an acid 
scavenger. 

TABLE I 



25 



30 



EXAMPLE 
NUMBER 



0.1 
COHP 1 

COUP 2 

2 



BCP 
ADDITIVE 
weight X 



EBCD 
0.0 
0.0 
0.2 



FLAME XETARDANT UTBESL ADDITIVE MELT FLOV 



TIPE AMOUKT 
weight X 



4.0 

BBCD 4.0 
BBCD 4.0 



S/10 sin 
T7PE AMOUNT ASIM 
weight X 0-1238 



66.6 



29.3 
77.1 
70.7 
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TABLE I (COOT.') 









FLAME RETARDANT 


OTHER ADDITIVE 


MELT FLOW 


5 


EXAMPLE 


BCP 
ADDITIVE 


TYPE 


AMOUNT 
velght X 


TYPE 


AMOUNT 
weight X 


g/10 fflin 
ASTM . 

flail 


10 


















3 


0.1 


RBCD 


4.0 


AO 


0.1 


13.3 




COM? 3 


0.0 


HBCD 


4.0 


AO 


0.1 


75.2 




4 


0.1 


KB CD 


4.0 


AS 




38.2 


15 


COMP 4 


0.0 


HBCD 


4.0 


AS 


0.1 


40.6 



Note: Polypropylene resin, 430^F. 



TABLE II contains examples which illustrate the 
effectiveness of the preferred bicyclie phosphate compound 
,and HBCD in polystyrene resin to minimize a change in 
polymer melt viscosity during processing. 

EXAMPLE 5 and COMPARATIVE EXAMPLES 5-6 

Example 5 is a flame retardant polystyrene formulation 
in accordance with this invention containing 0.1% Compound 
BCP and 2.0% Flame Retardant HBCD. 

Example 5 illustrates an improvement In nelt flow over 
Comparative Example 5 and Comparative Example 6. Thus, 
Compound BCP is effective in polystyrene when no additional 
additives are present (Comparative Exaiqple 5) or when an 
acid scavenger is present (Comparative Example 6). 
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TABLE II 









FL&HE BETAfiDANI 


OTHER ADDITIVE 


KELT FLOW 


5 


£X&HPI£ 
NDMBER 


BCP 
^DITIVE 
weight % 


TtFE i^OUKT 
weight % 


TYPE 


AHOOKr 
vel^t S 


g/10 Bin 
ASTN 
0-1236 




5 


0.1 


EBCD 2.0 






15.8 


10 


COUP 5 


0.0 


EBCD 2.0 






>80 




COMP 6 


0.0 


KBCD 2.0 


AS 


0.1 


22.1 



Note: Polystyrene resin, SOO^F. 



15 TABLE III shows compositions of the present lx»rention 

which have less tendency to degrade thermally in various 
polymer systems. 

Thermal degradation was measured by formulating 
compositions in a Brabender Flasticorder mixer (Model 

20 PL-V300) for 21 minutes, 50-70 rpm, and at the temper- 
atures as specified in TABLE III, Footnote 1. The polymer 
melt was sampled at three minute intervals « and visual 
inspections of the appearance of the polymer conposition 
were made. 

The color and description of the formulated 
25 compositions are listed in Table III, and reflect the 
appearance of the conposition when either the material 
showed total degradation (that is« developed a black or 
dark red color or showed signs of decomposition, such as 
of f -gassing) , or when the 21 minute interval of the test 
was attained. 
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EXAMPLES 6-10 and COMPARATIVE EXAMPLES 7rl2 
Examples are flasne retardant polystyrene 
compositions containing 0.2% Compound BCP and 4.0%« 
respectively, Flame Retardant EBCD; dibromo(dibromoethyl) 
5 cyclohexane (Flaxne Retardant TBCB)« available £rom Ethyl 
Corporation as BCL-462; Diels-Alder adduet of 
hexachlorocyclopentadiene and cyclooctadiene (Flame 
Retardant CBCO), available from Occidental Corporation 
as Dechlorane Plus; and nonochloropentabromocyclbhexane 
10 (Flame Retardant CBCB)^ available from Dow Chemical 
Corporation as FR-&51. 

Example 10 is a flame retardant polystyrene 
composition containing 0.8% Compound BCP and 16.0% 
tetrabromobisphenol A (Flame Retardant TBBP)« available 
15 from Great Lakes Chemical Corporation as BA-59P. 

Examples 6-10, as supported by comparisons to 
Comparative Ex^ples B-12 (specified in Table III) 
illustrate polystyrene compositions which resist thermal 
degradation and have less tendency to develop color \mder 
20 processing conditions. Comparative Example- 7 shows the 
inherent color development of non- flame retardant 
polystyrene resin which has .been siabjeeted to the test 
procedures . 

Exas^les 6-10 illustrate also that Compound BCP la 
25 effective in the presence of various halogen-containing 
flame retardant additives. 

EXAMPLE 11 

Example 11 is a flame retardant polystyxrene compo- 
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sltlon containing 0.2% acetate derivative of Compound BCP 
(designated Compound BCP-A) and 4.0% Flame Retardant 
HBCD. Example 11 is an illustration of a bicyclic phos- 
phate other than Compound BCP which is within the scope 
of this invention. 
5 IZ and COMPARATIVE EXAMPLES 13.14 

Example 12 is a flame retardant acrylonitrile-butadiene- 
styrene (*ABS") composition containing 0.5% Compound BCP. 
4.0% Sb^Og, and 16.0% Flame Retardant TBBP. 

Example 12, as supported by comparison to Comparative 

10 Examples 14 (specified in Table III), is an illustration 
of utility of the present invention in ABS resin. 
Comparative Example 13 shews the inherent color develop- 
ment of non-flame retardant ABS resin which ha» been 
subjected to the test procedures. 

15 PXAM^LES 13-14 an^ COWPARAT'^tVE EXAMPLES 15-17 

Examples 13-14 are flame retardant polypropylene 

compositions containing 0.5% Coiq>ound BCP, 1.0% Sb O , 

2 3 ' 

and, respectively, 3.0% tetrabremobisphenol A bls(dibromo- 
prepylether) (Flame Retardant TBPE) and 5.0% Flame 

20 Retardant BBCD. 

Examples 13-14, as supported by comparison to 
Comparative Examples 16-17 (specified in Table 111). 
Illustrate the effectiveness of the present invention to 
reduce the tendency for discoloration in flame retardant 

25 polypropylene compositions. Comparative Example 15 shews 
the inherent color development of non-flame retardant 
polypropylene resin which has been subjected to the test 
procedures. 
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TABLE III 



10 



15 



20 



25 



30 



FLAME RET4RDANT 



BCP 



EXAMPLE ADDITIVE RESIIf TSFE 
NUMBER weight * TYPE 



AMOUNT , 
weight X COLOr 



DESCRIPTION 



6 


0.2 


A 


HBCD 


4.0 


0 


TRANSPARSn' 


COMP 7 


II. 0 










TRANSPtfEKT 


Cuflr o 


o n 


A 
a 


HBCD 

•U.V4/ 


4.0 


10 


OPAQUE 
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NOTE Is A) Polystyrene resin, 450*7; B) Acrylenltrllebiitadlene- 
35 styrene resin, 4.0X Sb^Oy SOO*Ti C) Polypro(>yl«&e* SbjOj, 
43D*r. 

NOTE 2: O^colorless; l«whlte{ 2sllght yellow; 3=yellow; 4=dark 
yellow; S-light tan; 6=tan; Tsdark tan; 84ro«n; 9"dark brown; 
lOsblack, red or deeoopesed. 
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TABLE IV 6hov8 polypropylene compositions of the 
present invention which have less tendency to lose s 
mechanical strength, vhen such compositions are exposed 
to radiation. ^ 
5 Thermoplastic compositions were compounded and 

injection molded into test specimens « measuring 5.0** 
X 0.5" X 0.062". The ends of the test specimens were 
clamped together « placed in an Xenon Arc Keatheremeter 
(Atlas Model Ci-^5}, and irradiated according to ASTM 
10 D-4459 procedures for 3000 hours. The test specimens 
were observed periodically for signs of cracks or 
erasing. The time at which failure occured was noted. 

gXAMP^ES 15>1^ and COMPARATIVE EXAMPLES 18-19 
15 Examples 15-16 are flame retardant polypropylene 

compositions containing 0.5% Compoxmd BCP, 10.0% Flame 
: Retardant TBPE, 3.3% Sb203, and, respectively, 0.5% 
hindered amine light stabilizer (Compoimd BALS), available 
from Ciba-Geigy Corporation as TINUVIM 770, and 0.5% 
20 Compoxand AS. 

Examples 15-16, as supported by comparison to 
Comparative Examples 18-19 (specified in Table ZV), 
illustrate the effectiveness of the present invention 
to reduce the tendency for photochemically-induced 
25 mechanical failure in flame retardant polypropylene 

compositions. ^ 
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FLAME BETAKDANT OTHER tWUVTE 


TIKE TO 
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EXAMPLE 
NUMBZR 


BCP 
ADDITIVE 
weight X 


TYPE 


AHOUKT 
velgbt X 


TIFE 


AMOUNT 
weight % 


smss 

FAILURE 
hours 


10 


15 

COHP 18 


0.5 
0.0 


TBPE 
TBPE 


10.0 
10.0 


BALS 
HALS 


0.5 
0.5 


2900 
2500 




16 

amp 19 


0.5 
0.0 


TBPE 
TBPE 


10.0 
10.0 


AS 
AS 


0.5 

0.5 


>3000 
150 



Folypro^lene resia and S.SX SbjO^. 



TABLE V shows polypropylene compositions of the 
present invention which have less tendency to discolor, 
when such compositions are exposed to radiation. 

Thermoplastics compositions were coapouaded, 
20 injection molded into 3.0" x 1.0" x 0.225" test specimens, 
and irradiated in a Xenon Arc Weatherometer (Atlas Model 
Ci-35), according to ASTM D-4459 procedures for 2000 hours. 
Changes in color were measured as Delta E values, accord- 
ing to ASTM-2244 procedures. 

25 EXAMPLES 17-20 ^ CaSMPARATIVE gXAMPLES 12=22 

Examples 17-18 are flame retardant polypropylene 
coiBposltions containing 3.3% SbjOj. 10.0% Flame Retardant 
TBPE. and. respectively, 1.0% BCP Compound and 0.5% 

Ceaipound BCP. 

Examples 19-20 are flame retardant polypropylene 
conpositions containing 0.5% Compound BCP. 10.0% Flame 



BNSoocio <wo_e(»ee9iAi.i.> 



wo 90/06691 



PCr/US89/05627 



-20- 

Retardant TBPE^ and« respectively^ 0.5% hindered amine 
light stabilizer Compound E&LS and 0.5% alkytin-containing 
stabiliser (Compound TLS), available from Hi too Chemical 
Company as Mark 1413. 
5 Examples 17-20, as supported by comparison to 

Comparative Examples 20-22 (specified in Table V), 
illustrate the effectiveness of the present Invention to 
reduce the tendency for photochemically-induced 
discoloration in flame retardant polypropylene compos!- 
10 tions. 

TABLE V 

FLAME RETAKDAOT OIBES ADDITIVE 

^ ««« COLOR 

15 BCP LIGHT 

EXAMPLE ADDITIVE TYPE AMOUNT TYPE AMOUNT STAB^ILm 
NUMBER weight X weight X weight X Delta E 
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0,5 


3.02 


25 


COHP 22 
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10.0 


TLS 


0.5 


5.27 




Poljrprepyla 


He r«>in and 3.3X ^2^3* 
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CIAIMS 

1. A thermally stable and light stable themo- 
' plastic resin composition comprising a polyolefin or 

polystyrene resin and a aixture con^rising; 
5 at least one halogen-containing flame retardant; 

and 

at least one bieyclic phosphate compound of the 
formula: 



10 




where X is OB, OR*, or OC(0}R*; R is B or a aaturated or 
15 unsaturated straight-ehain or branched-chain C^^Cj^j alkyl; 
and R' is a saturated or unsaturated straight-chain or 
branched chain C^-C^^ alkyl. 

2. A compofiition« as claimed in claim I, wherein 
the halogen-containing flame retardant is a nember 

20 selected from the group consisting of hexabromocyclodode- 
cane , tetrabromobisphenol A , '. chloropentabromocyelohexane « 
tetrabromobisphenol A bis-(dibromopropylethar) , 
dibromo ( dibronoethyl ) cyclohexane , tetrabromoeyelooetane , 
bi8-(dibromonorbomane dlcarboximido) ethane, Dlels-Alder 

25 adduets of hexachlorocyclopentadiene and cyclooctadiene 
and mixtures thereof. 

3. A composition, as claimed in claim 1, wherein 
the bieyclic phosphate compound is 2,6,7*trioxa-pho8pho- 
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bicyclo[2.2.21-octane-4-inetlianol-l-oxicle; or 2,6,7-trioxa- 
l-phoephobi cylo [ 2.2.2] foetane-4-nethsnol , acetate , 
1-oxide. 

4. A con^oBition. as claimed in claim 1, wherein 
5 the reein is a member selected from the group eonsistin? 

of polystyrene, acrylonitrile-butadiene-styrene resin« 
and polyethylene, polypropylene and pol^utylene heme- 
and copolymers. 

5. A composition, as claimed in claim 4. wharein 
10 the member is polypropylene or polystyrene. 

6. A ceiQpesition. as claimed in claim 1, wherein 
the weight ratio of bicyclie phosphate compound to 
halogen-containing flame retardant lies in the range of 
about 0.001 to 0.200. 

15 7. A composition, as claimed in claim 1, wherein 

the mixture of bicyclie phos^ate confound and 
halogen-containing flame retardant is provided in the 
resin composition at a level lying in tha range of about 
0.1 - 20.0 percent by weight of the overall composition. 

20 B. A composition, as claimed in claim 1, and further 

comprising at least one member selected from the groi^ 
consisting of antioxidants, hindered amine li^t 
stabilisers, and acid scavengers. 

9. A coB^osition, as claimed in claim 8, %dierein 

25 the antioxidant is 2,2-bisI l3-l3,S-bis(l,l-dinathylathyl)- 
4-hydroxyphenyll -1- oxoprepoxy ] methyl 1 1 , 3-propanedlyl 
3 , 5 , -bi 8 ( 1 , l-Aia^ethylethy 1 ) -4- hydrox^nzenepropanoate . 
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10. A composition, as claimed in claim 8, wherein the 
hindered amine light stabilizer is bis-(2,2,6.6-tetramethyl 
-4-piperldinyl )-'»ebecate . 

11. A conposition, as claimed in claim 8, herein the 
5 acid scavenger is magnesium aluminum hydroxy carbonate 

*'«4.5*^2<°^^13°°3- 

12. A flame retardant stabilizing additive mixture 

for polyolefin or polystyrene resin eon^ositions compris- 
ing: 

a halogen-containing flame retardant; and 
20 a bicyclic phosphate eompoxmd of the formula: 



where X is OH, OR' , or OC(0)R' ; R is H or a saturated or 
unsaturated straight-chain or branehed-chain C^'C^^ alkyl; 
and R* is a saturated or unsaturated straight-chain or 



flame retardant is a member «eleeted from the group 
consisting of hexabromocyelododecane, tetrabromobisphenol 
A. chloropentabromocyclohexane, tetrabromobisphenol A bis- 
(dibromopropylether) , dibromo(dibromoethyl)eyclohexane, 
25 tetrabroaecyclooetane, bis-(dibromenoi^rx»ane 
dieaxboximido)ethane, Diels-Alder adducts of 
hexachlorocyclopentadiene and cyclooctadiane and mixtures 

thereof. 




15 



20 



branched chain C^-C^^ alkyl. 

13. A nixtura, as claimed in claim 12, wherein the 
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14. A mixture, as claimed in claim 12 « wherein the 
bicyclic phosphate compound is 2,6|7-trioxa-pho6phobicyclo 
[2.2.2]*octane-4-methanol-l-oxide; or 2«6j7-trioxa-l- 
phosphobicylo [2.2.2] -octane-4*methanol « acetate , 1-exide • 
5 15. A mixture « as claimed in claim 12, wherein the 

weight ratio of bicyclic phosphate compound to 
halogen-containing flame retardant lies in the range of 
about 0.001 to 0.200. 
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AMENDED CLAIMS 

[received by the International Bureau 
on 25 May 1990 (25.05.90); 
original claim 4 cancelled; original claims 
1,5 and 12 amended; other claims unchanged (4 pages)] 



1. (Amendied) A thermally stable and light stable 
therno-plastic resin eompositiion coa^rising a resin selected 
from the group consisting of polystyrene, acrylonitrile- 
butadiene-styrene resin, and polyethylene, polypropylene and 
polybutylene homo- and copolymers and a i&ixture comprising: 
at least one halogen-containing flame 
retardant; and 

at least one bicyclic phosphate compoiind of the 

formula: 




where X is OH, 0R\ or OC(0)R*; R is H or a satxirated or 
unsaturated straight-chain or branched-chain C^'^C^^ alkyl; and 
R* is a saturated or unsaturated straight-chain or branched 
chain C,-Cj^^ alkyl. 

2. A composition, as claimed in claim 1, wherein 
the halogen-containing flame retardant is a member selected 
from the group consisting of hexabromocyclodode- cane, 
tetrabromobisphenol A, cbloropentabromocyclohexane, 
tetrabromobispbenol A bi8-(dibromopropylether) , 
dibromo (dibromoethyl) cyclohexane , tetrabromocyclooctane , 
bi8-(dibromonorbomane dicarboximido) ethane, Diels-Alder 
adducts of hexachlorocyclopentadiene and cyclooctadiene and 
mixtures thereof. 

9006691A1.L> 
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3. A composition, as claimed in claim l, wherein 
the bicydic phosphate compound is 2 , 6 , 7-trioxa<-phospho- 

bieyclo [ 2 . 2 . 2 j -octane-4-methanol-l-oxide ; or 2,6,7 -trioxa-1 

pho8phobieylo[2.2.2}-oc!tane-4-methanol, acetate, l-oxide. 
5 4. (Cancelled.) 

5. (Amended) A composition, as claimed in 
claim 1, wherein the resin is polypropylene or polystyrene. 

6. A composition, as claimed in claim l, wherein 
the weight ratio of bicyclic phosphate compound to 

10 halogen-containing flame retardant lies in the range of about 
0.001 to 0.200. 

7. A cos^osition, a« claimed in claim i, wherein 
the mixture of bicyclic phosphate compound and 
halogen-containing flame retardant is provided in the resin 

15 composition at a level lying in the range of about 0.1 - 20.0 
percent by weight of the overall composition. 

8. A composition, as claimed in claim l, and 
further comprising at least one member selected from the group 
consisting of antioxidants, hindered amine light stabilizers, 

20 and acid scavengers. 

9. A composition, as claimed in claim 8, wherein 
the antioxidant is 2,2-bist[3-[3,5- 

-bis(i,i-dimethylethyl)-4-hydroxyphenyl]-i- oxopro- 
poxy)methyl] 1, 3-propanediyl 3 , 5, -bis (l, 1-dimethylethyl) -4- 
25 hydroxybenzenepropanoate. 
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10. A composition r as claisned in claim 8, wherein 
9 the hindered amine light stabilizer is 

bis- (2,2,6, 6-tetra&ethyl*4-piperidinyl) ^sebecate. 

11 « A composition, as claimed in claim 8, wherein 
5 the acid scavenger is magnesium aluminum hydroxy carbonate 
Mg4^5Al2(0H)3^3CO3. 

12. (Amended) A flame retardant stabilizing 
additive mixture for resin compositions selected from the 
group consisting of polystyrene, aerylonitrile-^butadiene«* 
10 styrene resin, and polyethylene, polypropylene and 
polybutylene homo-* and copolymers comprising; 

a halogens-containing flame retardant; and 
a bicyclic phosphate compound of the f oraula*: 



15 




where X is OH, OR', or OC(0)R*; R is H or a saturated or . 
20 unsaturated straight-chain or branched-chaln C^*C^^ aUVl; and 
R' is a saturated or unsaturated straight-dhain or branched 
chain C,-C^^ alkyl. 

13. A mixture, as claimed in claim 12, wherein the 
zlame retardant is a member selected from the group consisting 
^25 of hexabroaocyclododecane, tetrabro&obisphenol A, 

chloropentabromocyclohexane, tetrabromobisphenol A bis- 
( dibromopr opy lether ) , dibr omo ( dibr omoethy 1 ) cy clohexane , 
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tetrabromocyclooctane , bis- ( dibromonorbornane dic«boxinid©) - 
ethane, Diels-Alder adducts of hexaehlorocyclopentadieatt and ^ 
cydooctadiene and mixtures tharaof . 

14. A Blxtura, as daiaed in elaia 12, wherein the 
bieyclic phosiihate eoapound is 2,6,7-trioxa-phosphobicyelo 
[2.2.2]-oetaBe-4-inethanol-i-oxide; or 2,6,7-trioxa-l- 
phosphobicylo[2.2.2]-octane-4.nethanol, acetate, 1-oxide. 

15. A mixture, as claimed in claim 12, wherein the 
weight ratio of bieyclic phosphate compound to 
halogen-containing flame retardant lies in the range ef about 
0.001 to 0.200. 



i 
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